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Zoology

Longitudinal dynamics of seston composition and concentration
in a western Montana lake outlet
Director: Andrew L. Sheldon
Concentrations of suspended particulate organic carbon (POC), bacteria,
and chlorophyll a were measured along a lake outlet in western Montana.
Seven sites within the first 3 km downstream from the lake were sampled
over a period of 14 months. Downstream change in concentration of each
variable was tested for fit to a power function (Y=aX^) as predicted by an a
priori model. Downstream changes in POC and bacteria sometimes fit a
power function, and the value of the exponent b was positively correlated
with discharge. On most dates chlorophyll concentrations initially increased
and then decreased downstream, and the log transformed data fit a
quadratic equation. Suspended algae from 4 sites were identified to genera.
At low discharge a downstream decline in lake algae was accompanied by
an increase in stream algae. At high discharge concentrations of take algae
did not change downstream, and stream algae increased slightly. These
patterns suggest that although initial concentrations of suspended organic
carbon (seston) are determined by the lake, within short distance
concentrations become regulated by stream processes.
As discharge
increases, lake products are transported farther downstream. Thus, the
extent of the influence of the lake on seston composition expands and
contracts with increases and decreases in discharge. The rapid decline in
lake products, particularly bacteria, during low discharge may influence the
distribution of filter feeding insect larvae.
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INTRODUCTION
A lake forms a natural perturbation in a stream continuum, interrupting
normal longitudinal patterns of organic carbon processing and imposing on the
outlet stream Its own patterns of organic carbon production.

In an outlet stream,

organic carbon flux reflects cycles and processes of the terrestrial ecosystem, the
lake, and the stream itself. The lake is a point source of seston (suspended organic
carbon). As lake products enter a given reach of stream, they may be transported
downstream, or they may be removed by sedimentation, physical retention, or
biological filtration.

The retained material may be converted to biomass, or

partially processed and transported downstream.

Terrestrial Inputs and instream

primary production also contribute to organic carbon flux within the reach.

The

Influence of the lake on the composition of the seston is expected to diminish with
distance, while the Influences of stream and terrestrial processes are expected to
Increase.

At some point downstream, seston composition and quantity should be

typical of an uninterrupted stream.
The rate at which iake products are removed from the seston and processed
by the stream Is dependent upon the retentiveness of the stream.

One factor

contributing to the stream's retentiveness Is the density of benthic filter feeding
invertebrates.

Unusually high densities and high rates of production of filter

feeders typify lake outlets but numbers drop off rapidly within a short distance
from the lake (Maciotek and Tunzi 1968; Ulfstrand 1968; Sheldon and Oswood 1977;
Oswood 1979; Wotton 1979; Parker and Voshell 1983; Valett and Stanford 1987). It
has been hypothesized that the seston exported from the lake supports high
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densities of filter feeders in the lake outlet, and that as lake products are removed
from

the water column by sedimentation and biological filtration there

is a

subsequent downstream decline in filter feeder abundance and production (Cushing
1963; Carlsson et al. 1977; Sheldon and Oswood 1977).

Sheldon and Oswood

(1977) developed an a priori model that predicted that if densities of blackfly
(Diptera:Simuliidae)
concentrations

and

larvae
if

in

a

filtration

lake
by

outlet

are

biackflies

dependent

significantly

upon

seston

reduces

seston

concentration, then both seston concentration and blackfly densities will decrease
with distance from the lake.

They predicted that when regressed on distance,

blackfly densities and seston concentration would each fit a power function (Y=aX^,
where X equals distance from the lake and Y equals blackfly densities or seston
concentration) and that the exponent b would equal -1

for both parameters.

Changes in blackfly densities fit the model closely, but seston concentrations
increased rather than decreased downstream.

Other studies have also failed to

demonstrate a downstream decrease in seston concentration (Carlsson et al. 1977;
Oswood 1979; Parker and Voshell 1983; Valett and Stanford 1987).
Decreases in available protein do occur downstream from lakes (Kondratieff
and Simmons 1984; Valett and Stanford 1987), indicating that food quality rather
than quantity may influence longitudinal gradients in filter feeders.

Richardson

(1984) concluded that a downstream decline in food quality was responsible for
higher growth rates in the laboratory of polycentropodid caddisfly larvae raised on
lake outlet seston as compared to those raised on seston from 17 km downstream
from the lake.

This reduction in food quality probably represents a decrease in
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components of the seston such as zoopiankton, algae, and bacteria.

These labile

components are expected to support higher densities of filter feeders than similar
quantities of the low quality detritus that forms the food base of typical woodland
streams.
In this study I describe longitudinal changes in seston composition in Owl
Creek, a lake outlet in western Montana.

One purpose is to describe changes in

particulate organic

pm),

carbon

(POC,

>0.45

bacteria,

and algae

over

short

distances similar to those over which dramatic changes in filter feeder densities
are known to occur.
Oswood s (1977) model.

Seston components are tested for fit to Sheldon and
However, the model is simplistic in that it attempts to

describe longitudinal seston dynamics only in terms of filter feeder densities. But
filter feeders are only one factor affecting seston dynamics in the system.

Seston

transport in non-outlet streams is dependent upon such factors as discharge, the
quantity of stored benthic organic matter, and imputs of organic matter from the
terrestrial ecosystem (Cummins et al. 1983; Webster et al. 1987).

These same

factors are expected to determine organic carbon flux in a lake outlet.
lake processes will determine initial seston concentrations.
study is the
composition.

net effect of all factors determining
In

particular

longitudinal

and

However,

The emphasis in this

seston concentration and

seasonal

patterns

concentration and composition are discussed in in terms of discharge.
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in

seston

METHODS
Owl Creek (Figure 1) is the outlet of Placid Lake a 400 hectare mesotrophic
lake in western Montana (elevation 1255m).
flowing channel 1 km long.

Placid Lake empties into a slowly

At the end of this channel is a 1.5 m high dam that

forms a functional boundary between the lake and the stream.
long from the dam to where it enters the Clearwater River.

Owl Creek is 5 km

The average gradient

is 1.5 %. In the first three kilometers Owl Creek is a relatively uniform stream with
cobble substrate.

The remainder of the stream contains waterfalls, beaver ponds,

and marshy areas and was not sampled in this study.
Because the Sheldon and Oswood (1977)

model predicts a logarithmic

decline in concentration of lake products, sampling sites were clumped near the
lake where the greatest changes in concentration of seston components were
predicted to occur

Sites A through G were located at the dam (site A) and at

50m, 100m, 200m, 450m 1500m and 3000m below the dam. Staff gauges were
placed at sites D (200m) and G (3000m).

Discharge was measured using a Gurley

Pygmy current meter and a rating curve was developed for both sites (Appendix A).
I sampled organic carbon, bacteria and chlorophyll a from all sites on November
26, 1984, March 3, April 14, May 5, June 21, July 14, and September 24, 1985, and
January 18, 1986. However, due to time limitations and equipment failure data were
not obtained for all variables on each date.

All samples were grab samples

collected over the entire depth of the water column.

Samples were collected at

the top of a riffle within each site to minimize the effect of differences in stream
morphology on measured seston concentration between sites.
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At each site I

Figure 1. Sampling sites along Owl Creek, Clearw ater drainage, Montana.
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collected

two

samples

enumeration of bacteria.

for

organic

carbon

analysis

and

two

samples

for

For chlorophyll a determination I collected three samples

at each site.
I collected

organic carbon

samples

in acid washed glass BOD bottles.

Samples were fixed immediately in the field with sulfuric acid and stored at 4C
until analyzed.

POC was filtered onto preashed 0.45 pm glass fiber filters (Gelman

A/E). The filters were placed in preashed glass ampoules with 10 ml of carbon free
water and an oxidizing agent (potassium persulfate) .
(DOC) was also measured at this time.

Dissolved organic carbon

For DOC 10 ml of the filtrate from each

POC sample was pipetted into an ampoule containing potassium persulfate.

All

ampoules were then purged of carbon dioxide for 8 minutes, sealed and autoclaved
to convert the organic carbon to carbon dioxide. POC or DOC was measured as
evolved carbon dioxide on an Oceanography International TOC analyzer following
Menzel and Vaccaro (1964).
Bacteria were collected in acid washed plastic bottles and fixed in the field
with formaldehyde.

I determined bacteria concentration using the acridine orange

direct count method of Hobbie et al. (1977). I counted the free bacteria (unattached
to particles) in ten random microscope fields.

In the same ten fields particles less

than 7 pm in diameter and their associated bacteria were counted.

Particles

greater than 7 pm in diameter were quantified by tallying the number of fields
scanned until 15 particles were observed. The associated bacteria were counted.
Each chlorophyll sample consisted of one to three liters of water collected in
plastic bottles.

Immediately upon returning to the lab samples were filtered
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through glass fiber filters {Whatman GF/C) and analyzed according to the methanol
extraction methods of Holm-Hansen and Riemann (1978).
in July and September,

On the sampling dates

1985 chlorophyll concentrations were

not measured.

Rather, one liter samples were collected at sites A (Om), C (100m), E (450m), and G
(3000m) and fixed with Lugol's solution for algal cell counts.

Aliquots of each

sample were filtered onto a membrane filter (Millipore HA, 0.45 pm pore size).
Between 30 and 100 fields were counted at each of three magnifications, lOOx,
400x, and lOOOx.

Algae were identified to genus or species using the taxonomic

keys of Patrick and Riemer (1966), Prescott (1982), and Smith (1950).
All data were log transformed and regressed upon the natural log of distance
using the regression method of Sokal and Rohlf (1983) for more than one Y value
per value of X. Using this method each within-site replicate for a parameter was
entered into the equation as a separate datum.

However, when graphing the

results I plotted the geometric mean of the replicates for each site.
A power function predicts infinite seston concentrations at a distance of
zero.

This necessitates a transformation of the distance value for site A (Om) to

some positive number. The common transformation of adding one to the distance
value of all sites still resulted in considerable overestimation of the change
between site A (Om) and site B (50m).

Actual stream morphology conflicts with

the ideal situation of the theoretical model, which predicts that the highest
densities in filter feeders and the greatest change in seston concentration will
occur immediately below the lake.

However directly below the dam (site A) Owl

Creek opens into a wide, deep pool which extends twenty meters downstream.
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Filter

feeder

densities

in

this

pool

are

low.

Clearly

changes

concentrations due to filter feeding will be minimal in this stretch.

in

seston

In the final

analysis the distance value for the upstream site was reassigned from 0 to 20
meters, the distance at which actual stream habitat first occurred.

The inherent

assumption in this transformation is that there is little or no change in seston
concentration as water travels through the pool.
improved fit to a power function.

The manipulation resulted in an

The fact that the model overestimates the rate

of change in seston concentration in the first fifty meters indicates that when
seston concentrations are measured over very short distances, stream morphology
can overwhelm the importance of distance from the lake.
chlorophyll

data were fit to

a quadratic

equation

After log transformation

using the SPSSx multiple

regression program.
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RESULTS
The bottom of Owl Creek consists of cobbles and large boulders making the
precise

measurement

of

discharge

difficult.

I

found

that

two

discharge

measurements made within one hour of each other on different transects within a
single site

had coefficients

limitations prevented
sampling

season.

of variation

as high

as

16% (Appendix).

Time

multiple within site discharge measurements during the

Therefore, I assumed that any two

upstream-downstream

discharge calculations that had coefficients of variation less than 16 % were not
significantly different.

The hydrograph for site D (200m) is shown in figure 2.

Runoff patterns in Owl Creek are determined by spring snowmelt. The only date on
which there was a significant difference in discharge between sites was June 21,
1985 when discharge decreased from 1.3 m^.s"^ at site D (200m) to 0.9 m^.s”^ at
site G (3000m).
In March just prior to spring runoff there was no significant longitudinal
change In POC (Figure 3, Table 1).

In April, on the rising limb of the hydrograph,

POC increased downstream from the lake. Within site variability was high and the
regression on a power function was not significant at the 0.05 level. On the falling
limb of the hydrograph in May downstream increases in POC were less than In
April, but a power function significantly fit the data.

In June, there was a

significant reduction in POC downstream from the lake.

Of the dates sampled,

November

1984

had

the

lowest

discharge.

On

this

significantly downstream according to a power function.

date

POC

decreased

By midwinter (January)

longitudinal patterns had returned to the early spring situation of no downstream

10
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Figure 2. Hydrograph for site D (200m). Closed dots represent dates
on which seston samples were collected.
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change. However concentrations in January were much less variable than those in
March.
In midsummer, concentrations of POC in Owl Creek were higher than at other
times of the year,

i did not sufficiently reduce the volume of water filtered during

laboratory analysis of POC to compensate for this increase in concentration. Thus
the amount of POC in the ampoules was beyond the maximum amount that could
be measured by the TOC analyzer.
In April, July, and January particle counts were made in conjunction with
bacterial counts.

Particles less than 7 pm in diameter (exclusive of bacteria) made

up greater than 90% of the particles on each date.
Concentrations of DOC did not change significantly over distance and tended
to be five to ten times greater than concentrations of POC.
Suspended bacteria

unattached to particles did not significantly change

downstream during the April peak discharge nor during the secondary discharge
peak in September (Figure 4, Table 2).
moderate

concentrations

of

free

On dates when discharge was more

bacteria

declined

downstream.

Bacterial

concentrations peaked for the year in July at 3.1 x 10®.m1"\ and the downstream
decline in bacteria was most dramatic on this date.
In April, July, and January bacteria attached to particles were counted.
Concentrations of attached bacteria were one to two orders of magnitude lower
than concentrations of unattached bacteria.

No significant downstream changes in

attached bacteria occurred on any of the dates (Table 3).
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Figure 3 Longitudinal changes in particulate organic carbon concentration.
In the left column all data are log transformed and the dotted lines
around the regression lines are the 95% confidence limit for the line.
Regression statistics for the lines are in Table 1. The regression line for
April is dotted because it is not significant at the 0.05 level (p < 0.10).
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Month

F of
Regression

March
April

df

Probability
of F

0.010

1,5

p > 0.75

-0.002 +/- 0.044

4.242

1,5

p < 0.10

0.152 +/- 0.190

May

11.468

1,5

p < 0.025

0.041 +/- 0.039

June

7.006

1,4

p < 0.05

-0.047 +/- 0.046

28.493

1.5

p < 0.005

-0.081 +/- 0.042

November

Table 1.

b + or - 95% Cl

Regression statistics for POC.
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Figure 4. Longitudinal changes in suspended bacteria unattached to
particles. In the left column variables are plotted on a logarithmic scale
and the dotted lines are the 95% confidence limit around the regression line.
Regression statistics for the lines are in Table 2.
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Month

F of
Regression

df

Probability
of F

b + or - 95 % Cl

March

6.991

1,5

p < 0.05

-0.095 +/- 0.093

April

0.485

1,5

p > 0.75

0.023 +/- 0.087

July

46.854

1,5

p < 0.005

-0.192 +/- 0.072

4.302

1,5

p < 0.10

0.064 +/- 0.078

11.754

1,5

p < 0.025

-0.152 +/- 0.114

September
January

Table 2.

Regression statistics for bacteria
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Month

Mean

Standard
Deviation

April

5.56 X 10*

1.60 X 10*

July

3 .7 6 X 10*

2.09 X 10*

January

1.79 X 105

1.79 X 105

Table 3 . Number of bacteria attached to particles
averaged over all sites.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

21

There were significant changes in chlorophyll in all months except January.
(Figure 5, Table 4). The highest concentrations were measured in March, ranging
from 54 pg.r^ at site B (50m) to 31 u g .r ' at site G (3000m). During spring runoff
in May, chlorophyll concentration increased over the length of the stream. In June,
and November concentrations were low and decreased slightly downstream. There
was no significant downstream change in chlorophyll in January (mean = 6.9 p g .r\
standard deviation = 1.06).

Except in May a power function did not adequately

describe downstream changes in chlorophyll.

On other dates a quadratic equation

consistently fit the log transformed data .
In July and September suspended algae from sites A (20m), C (100m), E
(450m), and G (3000m) were counted.

In July lake phytoplankton was dominated

by Chroomonas and Anabaena. The major planktonic diatoms were Fragillaria and
Asterionella, but these were not abundant and not included in the analysis.
predominant benthic stream diatom was Coconeis placentula var. lineata.

The
Other

benthic diatoms were less abundant and were grouped together for statistical
purposes.

This

group

included

radiosa. and Coconeis pediculus.

Gomphonema,

Epithemia. Cvmbella,

Navicula

Coconeis placentula and other benthic diatoms

increased with distance from the lake according to power functions (Figure 6,
Table 5). Chroomonas and Anabaena decreased downstream and differences among
groups were significant (Chroomonas F-groups(3,4)=52.51, p < 0.005; Anabaena Fgroups(3,4) = 20.72, p < 0.01).

However the fit to a power function was not

significant for either alga (Table 5).
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Figure 5. Longitudinal changes in chlorophyll a concentration.
In the left column variables are plotted on a logarithmic scale and
the dotted lines are the 95% confidence limit around the regression line.
Regression statistics for the line are in Table 4.
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Month

F of
Regression

df

Probability
of F

b + or - 95$ Cl
b(quadratic)

March

37.029

2,17

p < 0.001

-0.033 +/^ 0.017
0.282 +/— 0.155

May

86.161

1,5

p < 0.001

0.162 +/- 0.045
ns

June

19.029

2,18

p < 0.001

-0.059 +/- 0.024
0.605 +/— 0.267

3*536

2,17

p = 0.05

-0.019 +/- 0.017

November

Table 4.

Regression statistics for Chlorophyll a

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

25

Figure 6. Longitudinal patterns of abundance of algal cells. The algae in
the left column originate from the lake. The algae in the right column are from
the stream. Regression statistics for the lines are in Table 5.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

26

10

Anabaena
□ C hroom onas

0.1

July
O
T“

C o c c o n e is

X
(O

O th er
Benthic
D ia to m s

100
o

o
0
(D

10

en

0.1
S e p te m b e r
20

100 450 30001

20

100 450

D is t a n c e ( m )

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

3000

27

Taxon

F of
Regression

df

Probability

b + or - 95% Cl

JULY
Anabaena

11.951

1,2

p < 0.10

-0.500 +/-

0.017

7.104

1.2

p < 0.25

-0.317 +/-

0.512

1,2

p < 0.01

0.647 +/-

0.275

1,2

p < 0.05

0.441 +/-

0.349

Chroomonas

102.32

Coconeis
Other
Benthic
Diatoms

29.493

SEPTEMBER
Anabaena

0.308

1,2

p > 0.75

0.013 +/-

0.102

Chroomonas

0.331

1,2

p > 0.75

0.020 +/-

0.517

Coconeis

0.705

1,2

p > 0.75

0.101 +/-

0.517

15.579

1,2

p < 0.10

0.438 +/-

0.479

Other
Benthic
Diatoms

Table 5.

Regression statistics for enumerated algae.
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In September the

phytoplankton was still

dominated

by Anabaena

and

Chroomonas. In addition Staurastrum. Ceratium. and Gvmnodinium were present in
low levels.

Again stream algae were divided into two groups, Coconeis placentula

and other benthic diatoms.

The latter included Gomphonema, Svnedra, Cvmbella,

Navicula. Epithemia, and Coconeis pediculus. Lake phytoplankton were transported
downstream without significant changes in concentration (Figure 6).
Placentula also showed no longitudinal change.

Coconeis

Other benthic diatoms increased

downstream at a rate similar to that in July, but the regression was not significant
(Table 5).
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DISCUSSION
Although the longitudinal changes in POC and bacteria sometimes fit a
power function as proposed by Sheldon and Oswood (1977), the exponent b always
differed significantly from -1 . Therefore the simple interaction between filter feeder
density and seston does not adequately explain the observed longitudinal changes
in seston concentration.

The patterns in POC and bacteria concentrations can be

explained most simply as equilibria.

Whether b is positive or negative the

asymptotic approach to a stable concentration downstream suggests an approach
to concentrations at which losses from the seston are equal to gains.
Creek initial seston concentrations are determined by the lake.

In Owl

Within relatively

short distances, seston reaches an equilibrium concentration determined by the
stream's capacity for storage versus transport.

Changes in algal biomass appear

more complex, but this is only because the lake and the creek each contributes
substantially

to

total

biomass.

When

analyzed

separately,

changes

in

concentrations in stream algae fit a power function but changes in lake algae do
not (Figure 6). The lack of fit of lake algae to a power function may be caused by
too few data points. This would result in a weak test even though downstream
declines in algae are significant. Alternatively, the results may indicate that factors
affecting recruitment of algae from the benthos exert a constant force along the
length of the stream while factors affecting removal are more variable.

In viewing

the longitudinal changes in seston concentration as equilibria, the importance of
local

differences

in stream

morphology must be emphasized.

Variations

in

substrate roughness, stream gradient, stream width etc. will cause local differences
in retention and processing of organic matter (Webster et al. 1987).
29
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The exponent b in the power function is a dimensioniess number that
describes the pattern of change in seston components.

A positive value of b

indicates a downstream increase in concentration while a negative value indicates
a downstream decrease. The absolute value of b indicates the rapidity of this
change

As the absolute value of b increases the rate of change in seston

concentration increases.

Contrary to the predictions of Sheldon and Oswood's

model, the value of the exponent b never equaled -1 and was sometimes positive.
There appeared to be a relationship between the value of b and discharge.
Therefore I regressed the b values for POC and bacteria on the natural log of
discharge. Changes in chlorophyll did not fit a simple power function and were not
included in the regression.

The regression was significant (F-reg. [1.9] = 10.425, p

< 0.025). The exponent b tends to increase with increasing discharge. To test if b
values for POC were consistently higher or lower than those for bacteria, I also ran
a multiple regression of b on discharge.

The second independent variable in this

equation was a dummy variable coding for bacteria or POC.

If the effect of the

dummy

need

variable

were

significant,

this

regression lines for POC and bacteria.
significant (p = 0.0841).

represents

indicate

a

for

separate

The effect of the dummy variable was not

Therefore, the original single line (Figure 7) incorporating

b values for both parameters was used.
discharge

would

variation

in the

The positive correlation between b and
relative

influence

of

retention

versus

entrainment mechanisms in the stream.
Stream power, the rate at which a stream can perform work, is proportional
to stream discharge.

As power increases the ability of the stream to suspend
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Figure 7. Regression of the exponent b on discharge. Circles are b values
from bacteria and triangles are b values from POC.
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more and larger particles increases (Leopold et al.

1964).

This pushes the

equilibrium between retention and transport towards transport.
discharge increases the surface area of stream bed increases.

In addition, as

This increases the

supply of POC by exposing to stream processes organic matter that was stored
above the water line during low discharge.

In April and May the POC imported

from the lake was augmented by organic matter scoured from the stream bed.
Because discharge did not change downstream, the positive value of b represents
a net loss of POC from the study area.
In contrast, during low discharge the equilibrium is pushed towards retention.
As the stream loses power, resuspension of particles from the benthos decreases
and sedimentation increases.

Mean depth decreases, decreasing water volume per

unit surface area of stream bottom. This increases the probability that a particle in
transport will encounter biological or physical retention mechanisms associated
with the stream bed.

In November, at very low flow, POC concentrations dropped

rapidly downstream from the lake.

Whether this net storage of POC is typical of

Owl Creek at low flow is difficult to ascertain. The only flows similar to November
occurred in July and August, and POC data were not obtained for these dates.
However, even if total seston concentrations do not decline downstream, retention
mechanisms significantly affect seston composition at low and moderate flows.
This can be seen in the longitudinal declines in bacteria in March, July, and
January and in the declines in lake algae in March and July.

Only during the

discharge peaks in the spring and fall are lake products flushed through the study
area without changes in concentration. These results are similar to the findings of
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Ward

(1975)

in

which

the

persistence

of

zoopiankton

downstream

from

a

hypolimnial release dam was positively correlated with discharge.
Factors other than discharge will also have an effect on the magnitude of b.
If initial concentrations of POC are similar to the equilibrium concentration for the
stream, downstream changes will be minimal regardless of discharge. This may be
why the absolute value of b was less in May than in April.

Discharge was similar

on both dates, but initial concentrations were higher in May.

Conversely, if the

initial concentration of any component is much higher or lower than what can
eventually be maintained by the stream, the absolute value of b will be relatively
large, or the distance downstream at which concentrations begin to equilibrate will
increase.

This Is seen in the relationship between the value of b for bacteria in

March, July, and January. As initial concentration increases, the absolute value of b
increases.

Similarly in March very high initial concentrations of chlorophyll

resulted in a dramatic downstream decrease.

In March chlorophyll concentrations

exported from the lake were twenty times higher than concentrations maintained in
the stream throughout the rest of the year. The sharp rise in chlorophyll a
exported from the lake in March is somewhat enigmatic in that Placid Lake was
still ice covered.

However, in the wide slow-flowing channel between the lake

proper and the dam the ice had melted and the bloom probably occurred in this
area

in

response

to

increasing

light

and

temperature.

Alternatively,

light

penetration through ice may have been sufficient to cause a bloom within the lake
itself.

This phenomenon has been described for a Colorado alpine lake (Herrmann

1978).

On this date sloughing of stream algae was not great enough to maintain
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Chlorophyll concentrations at the level of those in the lake, and chlorophyll
concentrations declined sharply downstream.

This is similar to the findings of

Bronmark and Malmqvist (1984) who detected significant decreases in chlorophyll
below a lake only when concentrations exceeded 30 p g .r\
Changes in stream retentiveness independent of stream discharge would also
affect the exponent b.

These might include seasonal variations in filter feeder

densities or filtering rates.
Although

longitudinal change in POC concentration was correlated with

discharge, average POC concentrations were remarkably stable during the year.
The summer POC peak during low flow was similar to the observations of Erman
and Chouteau (1979) downstream from fens.
concentrations
correlations

of

POC

between

are
seston

usually

low

In contrast, in non-outlet streams
during

concentration

and

low

discharge,

discharge

are

though

the

weak

and

inconsistent (Naiman and Sedell 1979). They are modified by the rate of increase of
discharge, the time interval between peak discharge, the magnitude of peak
discharge, and the quantity of organic carbon stored in the benthos (Sedell et al.
1978; Cummins et al. 1983; Webster et al. 1987).

Seston concentrations in Owl

Creek are ultimately dependent upon the availability of organic matter from the
lake, the benthos and the terrestrial ecosystem.

By providing a constant supply of

POC independent of seasonal cycles in stream processing and transport rates, the
lake may stabilize POC concentrations in Owl Creek.
Unless reproduction rates are high, lake bacteria and algae are not expected
to increase downstream. Therefore, b is expected to be less than or equal to zero
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for these seston components.

Recruitment of stream algae into the seston was

significant making chlorophyll a poor tracer of lake phytoplankton. Lake algae could
be distinguished from stream algae in the direct counts.

In July, lake algae in the

seston drop off rapidly and are replaced by benthic diatoms.

In contrast, during

high discharge in September lake algae are transported through the sample reach
with minimal changes in concentration.
The origin of the bacteria could not be determined with these methods.
Potential

downstream

sources

include

recruitment

reproduction of bacteria in the water column.

from

the

benthos

and

Goulder and Rimes (1986) found

that sloughing of epiphytic bacteria significantly contributed to suspended bacteria
in a headwater stream.

However, at low and moderate discharges, stream

processes in Owl Creek are unable to maintain bacterial concentrations at lake
levels.

During high discharge bacteria concentrations are constant throughout the

study reach.

These patterns are consistent with the patterns that would be

expected if the lake were the predominant source of bacteria in Owl Creek.
Even if the b value for take products is not significantly different than zero
within the area studied, if Owl Creek were hypothetically lengthened, then at some
point far downstream decreases in lake products could be measured.

High

discharge simply lengthens the immediate influence of the lake by transporting
lake exports farther downstream. Thus the influence of the lake can be considered
to expand and contract with discharge.

The negative b values for bacteria in

March, July, and January, along with the decline in chlorophyll in March and lake
algae in July is evidence that lake exports are rapidly removed from the seston
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when discharge is less than 1 m^.s"^ Discharge in Owl Creek is maintained at such
levels for long periods in the summer and, possibly, the winter.

If the gradients

observed in this study are maintained throughout these periods of low discharge,
they may contribute to similar gradients in filter feeder density and production.
Similar downstream declines in lake products, specifically zoopiankton, have been
described in other studies {Ward 1975; Armitage and Capper 1976; Sandlund 1982;
Voshell and Parker 1985).
Because of the amount of benthic stream algae entering the seston on all
sampling dates except March 3, it is difficult to conclude that changes in algal
concentrations contribute to longitudinal declines in filter feeders.

In July removal

of lake phytoplankton as water moved downstream was compensated for by an
increase of similar magnitude in benthic diatoms.

Blackflies are nonselective

feeders and gut contents typically reflect seston composition (Wotton 1977; Kurtak
1979;

Wallace

and

Merrit

1980;

Thompson

1987).

Therefore,

longitudinal

distribution and production of simuliids could be affected by the changing species
composition of suspended algae only if the food quality of the various algal
species differed or if algal biomass changed.

Chlorophyll data for all months

except March show little or no decline in algal biomass.

Thompson (1987)

measured growth rates of various simuliids, including two species that occur in
Owl Creek.

He found that growth rates were higher in larvae raised on diatoms

than those raised on Chlamvdomonas or bacteria.

Chlamvdomonas is similar to

Chroomonas in that both are single celled flagellated algae with starch as a food
reserve.

If it is assumed that they have similar food value, then it cannot be
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inferred that the downstream change in algal species composition of the seston
constitutes a decrease in food quality.
Longitudinal patterns in concentration of unattached bacteria may affect
btackfly distribution in Owl Creek.

The cephalic fans of blackflies enable them to

filter very small particles, possibly even colloids (Wotton 1976).
raised blackfly larvae to adulthood exclusively on bacteria.

Fredeen (1960)

In the Ogeechee River

bacterial carbon contributed between 9% and 48% of the total carbon assimilated
by blackflies (Edwards and Meyer 1987).

They postulate that bacteria are an

important food source to blackflies when bacteria concentrations are high and
make up a large proportion of the seston. Concentrations of bacteria in Owl Creek
are up to two orders of magnitude lower than those in the Ogeechee River.
However

they

are

similar

to

those

found

concentrations in the Ogeechee River.

by

Fredeen

(1964)

and

to

low

Bacteria are probably an important food

source to the blackflies of Owl Creek and downstream decreases in abundance of
bacteria could potentially contribute to longitudinal gradients in blackfly abundance.
The lack of significant downstream decline in bacteria attached to particles
suggests
blackflies.

that

these

bacteria

do

not

determine

longitudinal

distribution

of

Edwards and Meyer (1987) found that removing bacteria attached to

particles from seston fed to blackflies did not affect the quantity of bacterial
carbon assimilated by blackflies.

As in the Ogeechee and other rivers (Goulder

1986; Edwards and Meyer 1987) bacteria attached to particles were a small fraction
of total bacteria available to the blackflies of Owl Creek and probably are not as
important a food source as the free bacteria.
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The lake outlet can be viewed as a transition zone between an area in which
seston composition is determined by lake processes and one In which seston
composition reflects the stream's processing of organic matter.

Downstream,

concentrations of seston approach equilibria at which imports of POC, algae and
bacteria equal exports. Seston composition and concentration is dependent on
distance from

the

lake,

discharge,

and

initial concentration

of lake exports.

Longitudinal and seasonal variations in the effectiveness of the streams retention
and processing mechanisms are also predicted to have an effect on seston
concentration and composition.

Longitudinal declines in lake products, especially

bacteria, may contribute to downstream declines in benthic filter feeders.
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APPENDIX - HYDROLOGY
Discharge was measured at upstream and downstream sites using a Gurley
Pygmy current meter for the sampling dates in November, 1984 and March 1985.
In April, 1985 staff gauges were placed at site D (200m) and site G (3000m). On all
sampling dates after March, 1985 discharge was determined by comparing staff
height at each site to the rating curve developed for that site (Figure A -1). To
develop the rating curve I measured discharge with a current meter at several
stages (Table A-1, Table A-2).

To measure discharge I took velocity and depth

readings at 0.5 meter intervals on a transect across the stream.

To determine the

precision of my discharge measurements I made replicate measurements on a
single

transect

at

site

D

(200m)

(Table

A-3).

I

also

made

consecutive

measurements of discharge at two separate transects within 5 meters of each
other.

I made these latter within site comparisons both at site D (200m) and site

G (3000m) (Table A-3).

Repeated measurements within a single transect at site D

(200m) were very similar (coefficient of variation = 0.68%).

However, when

discharge was measured on different transects within a site, variation was higher
(coefficient of variation, site G, = 16%).

Therefore, if the coefficient of variation

between the discharge estimates of the upstream and downstream sites was less
than 16%, it was assumed that there was no significant downstream change in
discharge (Table A-4).

40
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Staff Height
(ft)

Discharge
(m3.s"1)

0.99

0.105

1.32

0.380

1.46

0.602

1.80

1.12

2.55

5.19

= 0.996
Y Intercept = 0.116

p < 0.005
b = 4.04

Table A-1. Discharge data and statistics used
to develop the rating curve for site D (200m).
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Staff Height
(ft)

r2

Discharge
(m3.5“ ^)

0.9

0.55

1.0

1.21

1.4

3.62

1.6

5.18

= .972

Y Intercept = .980

p < 0.005
b = 3.71

Table A-2.
Discharge data and statistics used
to develop the rating curve for site G (3000m).
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Figure A-1. Rating curves for sites D (200m) and G (3000m).
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Site

Discharge (Q)
(m3.s"")

Mean

Standard
Deviation

Coefficient
of Variation

Within Transect Comparison
D (200m)

Q1 = 0.37670

0.37970

0.00260

0.68%

Q2 = 0.38123
Q3 = 0.38117

Within Site Comparison
D (200m)

Q1 = 1.24169

1.11752

0.17560

15.71%

1.20733

0.05853

4.85%

Q2 = 0.99335

G (3000m)

Q1 = 1.16595
Q2 = 1.24872

Table A-3. Discharge data showing measurement error within and between
transects within each site. Discharge measurements are shown to five
decimal places to avoid rounding error.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

46

Site D (200m)
Date
(19851986)

Site G (1000m)

Gauge
Height
(ft)

Discharge
mi3.s"1

April 14

2.7

6.48

1.7

7 .0 3

5 .76 %

May

2.65

6.01

1.66

6.44

4.88%

June 23

1.8

1.26

0.98

0.91

22.81%

July 14

1.4

0 .3 4

0.76

0 .3 5

2.05%

Sept. 24

2.06

2 .1 7

1.26

2.31

4.42%

Jan. 18

1.62

0.82

0.94

0 .7 8

3 .54 %

5

Gauge
Discharge
Height m3.s-1
(ft)

Coefficient
of Variation

Table A-4. Gauge heights and estimated discharge for the sampling dates
from April 1985 to January 1986.
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